Summary This document is elaborated to give a description of the gas washing method as applied by Wageningen Livestock Research (WLR gas washing method) to measure ammonia (NH3) concentrations in the air entering and leaving livestock housing systems. Gas washing is commonly used as the reference method for ammonia concentration measurements for the determination of ammonia emissions from agricultural activities (livestock housing, manure storage, field application of manure). The objective of this document is to specify the performance characteristics of the WLR gas washing method, and the procedure for preparation and deployment of this method in practice.
The WLR gas washing method is based on the normative reference NEN2826, with a number of modifications:
1. NEN2826 prescribes using 4 flasks, 3 of them being filled with an absorption medium (acidic solution), and the fourth one (empty) as protection for the pump. The WLR gas washing method uses 3 flasks, 2 of them filled with an absorption medium. Section 5.2 shows that the effect of reducing the number of filled flasks from three to two is low (0.1% or 0.02 ppm at a concentration level of 20 ppm). Use of three filled flasks is, therefore, not necessary. Use of at least 2 filled flasks is recommended, to check for breakthrough or saturation during measurements.
2. NEN2826 prescribes using sulfuric acid as absorption medium. The idea behind the gas washing method is to use a strong acid to capture the NH3 in the sampled air flowing through the absorption medium. The WLR gas washing method uses nitric acid instead. NEN2826 does not provide information about the reason behind their selection for sulfuric acid, or validation data to show that other (strong) acids (such as nitric acid) may not be used. WLR validated the method using nitric acid, by calibrating the modified gas washing method against a primary standard (certified calibration gas). Section 5.3 shows no significant differences between the WLR gas washing method and the primary standard. This confirms that using nitric acid instead of sulfuric acid does not result in less accurate NH3 concentration measurements.
3. NEN2826 prescribes performing either isokinetic measurements, or applying a flow of at least 3 l/ min. No information is provided about why lower flows may not be applied. In principle, the idea is to have enough flow through the absorption medium, allowing the NH3 in the sampled air to be captured by the absorption medium, in order to have a high removal efficiency and minimize breakthrough to the following flasks. Section 5.2 shows that the breakthrough effect is negligible, and section 5.3 shows that using the WLR gas washing method (with a flow of 1 l/min), does not result in less accurate NH3 concentration measurements.
4. NEN2826 prescribes that the flasks should be cooled down (during measurements) to a temperature below 20 o C. No information is provide to justify this selection. In the WLR gas washing method flasks are not cooled down. Since all absorption flasks are weighed before and after the measurements, there is no reason to believe that the effect of evaporation is not taken into account already by following this procedure.
5. NEN2826 prescribes using a gas flow meter to measure continuously (during the whole measurement period) the flow through the flasks. The gas flow meter is allowed to have a maximum deviation of 5%. In the WLR gas washing method flows are measured at the beginning and at the end of the (24-hours) measurement period. Section 5.5 shows small differences between these two flow values (less than 2% and lower than the requirements of NEN2826). This demonstrates that measuring the flow continuously is not necessary, and that accurate measurements of the flow at the beginning and at the end of the measurement period are sufficient.
According to NEN2826, the repeatability of NH3 concentration measurements using the gas washing method is about 18%, independent of the concentration level. Section 5.4 shows that the WLR gas washing method has a repeatability of less than 5%. The combined (expanded) uncertainty of the WLR gas washing method is 10%, substantially lower than the 32% described in NEN2826. We can Introduction and scope Agriculture is the most important source of ammonia emissions in the Netherlands. Ammonia can be emitted at all stages of the manure management chain (grazing of animals on pasture, livestock housing, manures storage, manure treatment, manure application into the field). Emission from livestock housing systems is the main contributor to ammonia emissions from agriculture, followed by application of manure to land. Cattle produce the greatest amount of emissions in the livestock sector, followed by pigs and poultry.
Since the 1990s, a number of measures have been introduced in the Netherlands to reduce ammonia emissions from agricultural sources. Determination of the ammonia reduction potential of these measures relies, among others, on accurate measurements of the ammonia concentration. The gas washing method is commonly used as the reference method for ammonia concentration measurements for the determination of ammonia emissions from agricultural activities (livestock housing, manure storage, field application of manure).
This document is elaborated to give a description of the gas washing method as applied by Wageningen Livestock Research (WLR; modified version of the gas washing method described in NEN2826), to determine its performance characteristics, and to test the suitability of the WLR gas washing method as an alternative for the method described in NEN2826. Section 2 gives an overview of the normative references used in this document. The most important terms and definitions are presented in section 3. Section 4 gives a short description of the WLR gas washing method and summarizes the most important differences of this method compared to NEN2826. In section 5, the performance characteristics of the WLR gas washing method are discussed. Finally, section 6
summarizes the main conclusions of the results presented in this document. Description of the method
Introduction
Gas washing is commonly used as the reference method for ammonia concentration measurements for the determination of ammonia emissions from agricultural activities (livestock housing, manure storage, field application of manure). This method is described in NEN2826. Wageningen Livestock Research (WLR) uses a modified version of the gas washing method (WLR gas washing method). In particular, the following modifications are applied:
1. NEN2826 prescribes using 4 flasks, 3 of them being filled with an absorption medium (acidic solution), and the fourth one (empty) as protection for the pump. The WLR gas washing method uses 3 flasks, 2 of them filled with an absorption medium.
2. NEN2826 prescribes using sulfuric acid as absorption medium. The WLR gas washing method uses nitric acid instead.
3. NEN2826 prescribes performing either isokinetic measurements, or applying a flow of at least 3 l/min. The WLR gas washing method applies a flow of 1 l/min.
NEN2826
prescribes that the flasks should be cooled down (during measurements) to a temperature below 20 o C. In the WLR gas washing method flasks are not cooled down.
5. NEN2826 prescribes using a gas flow meter to measure continuously (during the whole measurement period) the flow through the flasks. In the WLR gas washing method flows are measured at the beginning and at the end of the (24-hours) measurement period.
The following sections give a description of the (modified) gas washing method, and the sampling and calculation procedure needed to determine NH3 concentrations in the sampled air.
Measurement principle
Gas washing is an active measurement method for point sampling, and gives a time averaged concentration over the whole measurement period. This method relies on the absorption of ammonia in an acidic solution. In this method, an air sample is taken and transported from the measurement point into the absorption flasks by using a pump and sampling lines. The volume of air passing through the absorption medium shall be accurately measured, by controlling the flow using critical orifices or mass flow controllers, and measuring the flow using flow meters during the measurements.
In contrast to what in NEN2826 is prescribed (continuous flow measurements), in the WLR gas washing method the flow rate is measured before and after the measurements using a DryCal® Defender 510 flowmeter (see figure 4 .1). This instrument measures volumetric gas flow with an accuracy of ±1% of reading. This is lower than the 5% accuracy prescribed by NEN2826 for flow measurements. The flow rate is measured at the start and at the end of the measurements, to provide a better indication of the average flow during the measurement period. Section 5.5 gives an indication of the repeatability of flow rate measurements when using the WLR gas washing method.
The set of absorption flasks shall be placed in series and consists of at least three flasks (see figure   4 .1 and section 5). This is a modification of the method described in NEN2826, where four flasks are prescribed (section 5.2 shows that the effect of reducing the number of filled flasks from three to two). In the WLR gas washing method, the first two flasks (three flask by NEN2826) are filled with an absorption medium (100 ml 0,05 M nitric acid; NEN2826 prescribes using sulfuric acid; see section 5.3
for calibration results of the WLR gas washing method against the primary standard (certified calibration gas)) for collecting the ammonia (in the form of ammonium), the last one to protect the pump, collecting any present liquids in the air before reaching the pump. No or negligible breakthrough of ammonia is essential for the correctness of the measurements. This can be checked by using two absorption flasks (filled with absorption medium) in series. In principle, the first flask should be able to absorb all the ammonia sampled in the air. The second flask is used as a control, to check if this really occurs. If the control flask is also loaded with ammonia, meaning that not all the ammonia is absorbed in the first flak, using only one flask would lead to an underestimation of the ammonia load in the air sample. NEN2826 prescribes a maximum breakthrough of 5%. The absorption medium is analysed in the laboratory by using spectrophotometry according to NEN 6472. Ammonium reacts with dichloroisocyanurate and salicylate at a pH of 12.6 in the presence of a catalyst, pentacyanonitroferrate (III), resulting in a blue coloured solution. The extinction of the solution at 655nm is a measure of the ammonium content in the solution. 
Sampling procedure (field application)
For the application of the WLR gas washing method in practice, the following steps must be followed:
• Prepare the set of absorption flasks (in duplicate, to get an accurate estimation of the concentration level; see figure 4 .1). The flasks (per replicate) are connected in series: a small sampling tube (Teflon of polyethylene) is used to connect the outlet of one flask to the inlet of the next one in the series. In addition, an extra absorption flask, filled with absorption medium but closed (without being in contact with polluted air), must be used as a measure for a clean (blank, solution without ammonium) absorption medium (zero value). The concentration in the absorption flasks should be corrected for this blank value (see section 4.4).
•
The sampling line (Teflon or polyethylene) from the measurement point is connected to the inlet of the first absorption flask. Heating and isolation of the sampling tubes is required when condensation problems in the sampling tubing may occur (large temperature differences along the sampling line).
The outlet of the empty absorption flask (last in the series) is connected with the pump (Thomas Industries Inc., model 617CD32, Wabasha, Minnesota ,VS). In front of the pump, a critical orifice (borosilicate glass (diameter: 8 mm; length: 80 mm), housed in a stainless steel container for protection) is placed to provide a flow rate of approximately 1 l/min. NEN2826 prescribes performing either isokinetic measurements, or applying a flow of at least 3 l/min (see section 5.3
for calibration results of the WLR gas washing method (flow of 1l/min) against the primary standard (certified calibration gas)).
• Start the measurements by switching on the pump, and write down the date and time at which the measurements have been started.
• Measure the flow rate through the absorption flasks at the start of the measurements by using a calibrated flow meter (e.g. DryCal® Defender 510-m, Bios Int. Corp, USA; see Annex 1 for the calibration certificate of this gas flow meter). This is done by disconnecting the sampling line from the inlet of the first absorption flask, and connecting the flow meter with a Teflon or polyethylene tube to the inlet of the first absorption flask. Measure at least 5 times and write down the average flow.
• At the end of the measurement period, before switching off the pump, measure the flow following the same procedure as at the start of the measurements.
• Stop the measurements by switching off the pump. Write down the date and time at which the measurements have been stopped.
• Remove the connection of the sampling lines from the inlet of the first absorption flasks, and flush the (internal) glass tube of the absorption flasks with demi-water.
The absorption flasks are transported to the laboratory for analysis. NEN2826 prescribes that the flasks should be cooled down (during measurements) to a temperature below 20 o C. No information is provided to justify this selection. Since all absorption flasks are weighed before and after the measurements, there is no reason to believe that the effect of evaporation is not taken into account already by following this procedure.
Calculation procedure
Provided the acid in the absorption flasks is in excess, this technique provides quantitative results of ammonia concentration levels. First of all, the ammonium-N (NH4-N) content in the absorption medium is calculated according to: To compare different measurements, the results can be recalculated to standard temperature (20 o C) and atmospheric pressure (101.3 kPa). Performance characteristics 5.1 Spectrophotometric detection of ammonium content.
To determine the detection limit of the WLR gas washing method using spectrophotometric detection of ammonium content, a number of clean absorption flasks (flasks filled with absorption medium, without being in contact with polluted air) was sent at different times to the laboratory for analysis. Figure 5 .1 shows that the ammonium concentration in these clean absorption flasks was low but not negligible. The detection limit of the method (laboratory analysis), according to these measurements, and calculated as four times the standard deviation of the values measured by clean absorption flasks, was 0.09 mg NH4-N/l (n= 26; average: 0.09 mg NH4-N/l; median: 0.08 mg NH4-N/l; standard deviation: 0.02 mg NH4-N/l). In every absorption flask, 100 ml of absorption medium is added. For an average flow through the absorption flask of 1000 ml/min, and an average measurement period of 24 hours, this would result in a detection limit of 0.008 mg NH3/m 3 (0.011 ppm NH3 for standard conditions (temperature: 20 o C; pressure: 101.3 kPa)) per absorption flask. The determination of the ammonium content in an acidic solution for all samples used in this study was performed following the procedure described in NEN 6472. To test the repeatability of the system to measure a particular concentration in the laboratory, six samples were analysed at four different days separated more than one month in time. The results of this analysis are presented in 
Breakthrough
According to the normative reference NEN 2826, a set of four absorption flasks in series (three filled with absorption medium, and one empty for protection of the pump) must be used. The breakthrough between absorption flasks must be lower than 5% to be considered acceptable. In order to test whether it is necessary to include three absorption flasks filled with absorption medium, a number of measurements were performed on commercial farms (see table 5 .2 for an overview of the measurement locations) by using four absorption flasks in series as specified by NEN 2826. Then, ammonia concentrations were determined by using the ammonium concentration measured by all three filled absorption flasks, only the first two absorption flasks, or only the first one. Figure 5.2 shows the effect of decreasing the number of filled flasks from three (as stated in NEN 2826) to two or even only one flask. The effect is quite small (0.1%, or 0.02 ppm for a concentration value of 20 ppm), meaning that the method functions properly with almost no breakthrough to the second and third flask. Use of three filled absorption flasks is not necessary. However, use of at least two flasks is highly recommended, to check for breakthrough or saturation of the first flask during the measurements. 
5.3
Verification of trueness of measurements: calibration of the WLR gas washing method
The WLR gas washing method was calibrated in the laboratory against standard calibration gases (reference method) by following this procedure: a. First, a set of absorption flasks was prepared as described in section 4.
b. Then, air from a calibration NH3 gas cylinder (see Annex 2 for certificates of the standard gases used for the calibration) was diluted (as shown in Figure 5 . The null hypothesis to test the trueness of measurements when using the WLR gas washing method is that the measured ammonia concentrations with the WLR gas washing method and the standard calibration gases are similar. If the null hypothesis is fulfilled, a linear regression analysis (y=a*x+b) of the WLR gas washing method (y) against the standard calibration gases (x) results in a slope a=1
and an intercept b=0. To test if this hypothesis was fulfilled, the following procedure was applied:
1. A linear regression analysis (y=a*x+b) was performed based on the calibration data (ammonia concentrations measured with the WLR gas washing method against standard calibration gases).
From this regression analysis, the following parameters were determined ( 2. The two-sided acceptance intervals (10% for concentrations > 1 ppm, 0.1 ppm for concentrations below 1 ppm, based on the expanded uncertainty of the modified WLR gas washing method as described in section 5.6) were determined according to: The criteria for acceptance is fulfilled for the whole concentration range ( Figure 5 .5 and Table 5 .5).The NH3 concentration measured in the laboratory using the WLR gas washing method was in general slightly lower or similar to the concentration supplied (by dilution) from the gas standards (gas cylinders) over the whole concentration range. These results show that it is not necessary to apply a flow rate of at least 3 l/min, as prescribed in NEN 2826, and that the applied flow rate (~1 l/min) also gives satisfactory results. The gas washing method cannot discriminate between ammonia, ammonium, and any other Ncontaining volatile organic compounds. However, the concentration of these compounds in animal facilities is expected to be negligible in comparison with ammonia (Hutchinson et al., 1982; Schade and Crutzen, 1995) . Therefore, calibration of the method in the field (on practical farms) is not necessary.
Repeatability of concentration measurements (concentration differences between duplicates)
To test the precision (repeatability) of the concentration measurements (comparability of results between replicates), two sets of absorption flasks were prepared and exposed simultaneously to the same polluted air during measurements at different commercial farms. The dataset with the paired results was first analysed for outliers by using the box plot method with three times the interquartile range (IQR) as measure for extreme outliers: Outlier if: value > Q3+3*IQR OR value < Q1-3*IQR Then, the selected dataset of parallel measurements (without outliers) was used to validate the repeatability of concentration measurements according to the following procedure:
1. Determine for all measurement periods (i=1…n) the average concentration (Yi) of the two replicates (Yi1, Yi2):
=
( 1 + 2 ) 2 2. Determine the concentration difference (Di) between replicates 1 en 2:
3. Determine the standard deviation of the measurements according to:
a. From the complete dataset, select those measurements (nlow) with concentration values below 1 ppm and calculate the absolute standard deviation (Sa) of the measurements:
Select the measurements (nhigh) with concentration values above 1 ppm and calculate the relative standard deviation (Sr) of the measurements:
2 * ℎ ℎ 4. Determine the critical t-value (tf;95%) for a two-tailed t-test with a. f=nlow-2 degrees of freedom and a 95% confidence level, for concentrations below 1 ppm. b. f=nhigh-2 degrees of freedom and a 95% confidence level, for concentrations above 1 ppm. 5. Determine the two-tailed 95% confidence interval of the measurements according to: a. For concentrations below 1 ppm, the absolute confidence interval ( 95% ): 95% = * ;95% b. For concentrations above 1 ppm, the relative confidence interval ( 95% ): 95% = * ;95% 6. For acceptance, the following criteria shall be fulfilled: a. For concentrations below 1 ppm:
For concentrations above 1 ppm: 95% confidence interval shall be lower than 0.2 ppm (absolute values) for concentrations below 1 ppm, and lower than 10% (relative values) for concentrations above 1 ppm (10% is the expanded uncertainty of the modified WLR gas washing method, see section 5.6). 95% ≤ 0.1 (10%) Table 5 .6 gives an overview of the measurement locations and number of measurements used in the analysis (outliers already excluded from this overview). Concentration differences between replicates are low, as shown in Figure 5 .6. The criteria for acceptance of the method for repeatability of measurements is fulfilled for both concentrations below 1 ppm (n= 298; absolute average difference: 0.01 ppm; median: 0.00 ppm; standard deviation: 0.02 ppm; 95%-confidence interval: 5%), for concentrations between 1-10 ppm (n= 231; relative average difference: 3%; median: 2%; standard deviation: 3%; 95%-confidence interval: 6%), and for concentrations above 10 ppm (n= 231; relative average difference: 1%; median: 1%; standard deviation: 1%; 95%-confidence interval: 2%). 10% for concentrations > 1 ppm).
5.5
Repeatability of measured flow rate (flow rate differences between replicates)
The data in section 5.4 was also used to test the precision (repeatability) of flow rate measurements (comparability of results between replicates). The procedure was similar to the one used for testing the repeatability of concentration measurements. The dataset with the paired results was first analysed for outliers by using the box plot method with three times the interquartile range (IQR) as Replicate 2 (ppm)
Replicate 1 (ppm)
>10 ppm
Then, the selected dataset of parallel measurements (without outliers) was used to validate the repeatability of flow measurements according to the following procedure:
1. Determine for all measurement periods (i=1…n) the average flow (Yi) of the two replicates (Yi1, Yi2):
2. Determine the difference in flow (Di) between replicates 1 en 2:
3. Determine the relative standard deviation (Sr) of the measurements (i=1…n) according to:
2 * 4. Determine the critical t-value (tf;95%) for a two-tailed t-test with f=n-2 degrees of freedom and a 95% confidence level.
5. Determine the two-tailed 95% confidence interval ( 95% ) of the measurements according to:
6. For acceptance, the following criteria shall be fulfilled:
Differences between flow replicates (before and after the measurements) are low, as shown in Figure   5 .7. The criteria for acceptance of the method for repeatability of measurements is fulfilled (n= 1874;
relative average difference: 1.6%; median: 1.2%; standard deviation: 1.5%; 95%-confidence interval: 3%). 
Uncertainty analysis
The procedure used to evaluate the uncertainty associated with NH3 concentration measurements using the modified gas washing method follows the manual for the expression of uncertainty in measurement (ERASER; JCGM, 2008) . The uncertainty of the NH3 concentration measurement using this method is evaluated with the help of the law of propagation of uncertainty. This requires the identification and quantification of all sources of uncertainty related to NH3 concentration measurements carried out with the modified WLR gas washing method. These sources of uncertainty can be classified in the following categories: f. Interferences (Uinterf).
g. Adsorption and desorption in piping and sampling system (Uads).
h. Flow meter (Uflow).
Addendum a). The gas flow rate through the bottles (Fg) is calculated as the average of the flow rate measured at the beginning of the (F b ) and at the end (F e of the measurement period:
According to section 5.5, a standard uncertainty of Ugs = 2% (normal distribution; k = 1) can be assigned for the gas flow rate through the flasks.
Addendum b). The repeatability of the measurements is defined as the absolute difference between the results of a duplicate measurement under similar conditions. At each measurement point, the measurements are performed in duplicate (i = 1, 2) and the concentration at each measurement point is calculated as the average of the duplicate measurements:
According to section 5.4, a standard uncertainty of Udc=3% (normal distribution; k=1) can be assigned for the repeatability of NH3 concentration measurements. Addendum c). The time is noted both at the beginning and at the end of the measurements. The expected uncertainty in these measurements is Ut<0.5% (rectangular distribution; a 5-minute difference over a 24-hour period results in an uncertainty of 0.35%).
Addendum d). The determination of the ammonium content in the absorption medium is determined in the laboratory of Wageningen Livestock Research according to the procedure described in NEN 6472.
To determine the reproducibility of lab analyses, six samples were analysed on four different days with a total of more than one month difference (see section 5.1). According to these results, a standard uncertainty Ulab=2% (normal distribution; k = 1) can be assigned for the reproducibility of lab analyses.
Addendum e). The modified WLR gas washing method was calibrated in the laboratory against a primary standard (certified calibration gases, reference method). The procedure and the results are reported in section 5.3 and summarized in the table below. When the NH3 concentration measurements are corrected by the results of the calibration procedure, the uncertainty in the calibration is equal to the uncertainty of the standard calibration gases used for the calibration. This source (calibration WLR gas washing method) is assigned a standard uncertainty Ucal=3% (normal distribution; k = 2).
Addendum f). The WLR gas washing method cannot distinguish between ammonia, ammonium and other N-containing volatile organic compounds. The concentration of these compounds is expected to be negligible compared to ammonia (Hutchinson et al, 1982; Damage and Crutzen, 1995) . This source of uncertainty is assigned a default uncertainty Uinterf=0%.
Addendum g). Adsorption and desorption of ammonia in the sampling lines can be prevented in pig and poultry stalls by isolating and heating the pipes. In dairy farms this is not expected to occur (small temperature variations). Using an average concentration over the entire 24-hour measurement period will further reduce this effect. This source of uncertainty is assigned a standard uncertainty Uads=2%
(rectangular distribution).
Addendum h). The flow meter used in the modified WLR gas washing method (DryCal® Defender 510) measures the gas flow rate with an accuracy of ± 1% of the reading. This source is assigned a standard uncertainty Uflow=1% (normal distribution; k = 1).
The combined measurement Uncertainty (Ucomb) is determined according to:
= �� 2 + 2 + 2 + 2 + 2 + 2 + 2 + 2 � = �(2 2 + 3 2 + 0,5 2 + 2 2 + 3 2 + 0 2 + 2 2 + 1 2 )
The expanded measurement uncertainty (Uexp) is then determined according to:
= * For a 95% confidence interval, the cover factor (k) is assigned a value of k = 2. The expanded measurement uncertainty with a 95% confidence interval is then Uexp=10%.
Conclusions
In this document a description of the gas washing method as applied by Wageningen Livestock
Research (WLR gas washing method) to measure ammonia (NH3) concentrations in the air entering and leaving livestock housing systems has been presented. The WLR gas washing method is based on the normative reference NEN2826, with a number of modifications:
2. NEN2826 prescribes using sulfuric acid as absorption medium. The idea behind the gas washing method is to use a strong acid to capture the NH3 in the sampled air flowing through the absorption medium. The WLR gas washing method uses nitric acid instead. NEN2826 does not provide information about the reason behind their selection for sulfuric acid, or validation data to show that other (strong) acids (such as nitric acid) may not be used. WLR validated the method using nitric acid, by calibrating the WLR gas washing method against a primary standard (certified calibration gas). Section 5.3 shows no significant differences between the WLR gas washing method and the primary standard. This confirms that using nitric acid instead of sulfuric acid does not result in less accurate NH3 concentration measurements.
3. NEN2826 prescribes performing either isokinetic measurements, or applying a flow of at least 3 l/min. No information is provided about why lower flows may not be applied. In principle, the idea is to have enough flow through the absorption medium, allowing the NH3 in the sampled air to be captured by the absorption medium, in order to have a high removal efficiency and minimize breakthrough to the following flasks. Section 5.2 shows that the breakthrough effect is negligible, and section 5.3 shows that using the WLR gas washing method (with a flow of 1 l/min), does not result in less accurate NH3 concentration measurements.
4. NEN2826 prescribes that the flasks should be cooled down (during measurements) to a temperature below 20 o C. No information is provide to justify this selection. In the WLR gas washing method, flasks are not cooled down. Since all absorption flasks are weighed before and after the measurements, there is no reason to believe that the effect of evaporation is not taken into account already by following this procedure.
According to NEN2826, the repeatability of NH3 concentration measurements using the gas washing method is about 18%, independent of the concentration level. Section 5.4 shows that the WLR gas washing method has a repeatability of less than 5%. The combined (expanded) uncertainty of the WLR gas washing method is 10%, substantially lower than the 32% described in NEN2826. We can therefore conclude that the WLR gas washing method provides results equivalent with NEN2826, and is suitable to be used as an alternative for the method described in NEN2826.
